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ABSTRACT

The center of gravity and the moments of inertia of each of 19 male
subjects, representative in stature and weight of the U. S. Air Force popu-
lation, were determined. Two body positicns: sittii-q and relaxed; and
three modes of dres;-.: nude, suited-unpressurized, and auited-pressurized
were investigated. The theoretical accuracy of the experimental procedures,
based on a compound pendulum, ranged from 2 to 8 percent, depending on body
position and axis. The moments of inertia were found to vary significantly
between body positions and between nude and suited conditions. Correlation
coefficients between the moments of inertia and stature and weight exceeded
0.9. Fifty anthropometric dimensions and frontal and profile photographs
were obtained on each subject to serve as the basis for additional bio-
dynamic analyses.
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SECTION I

INTRR CT I C

Data on the locations of the centers of gravity and the magnitudes
of the moments of inertia of the human body encumbered by a full-pressure
suit are fundamental to the design of escape systems, self-maneuvering,
self-stabilizing units, one-man space-excursion vehicles, and the like.
These ba c biodynamical parameters appear as constants in the general
equations of motion of the body; they must be known accurately for optimal
.esign of restraint, escape and propulsion systems.

It is the purpose of this study to measure these parameters for a
sample of subjects representative of the U. S. Air Force population, and
to determine the influence of a full-pressure garment upon them.
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SECTION 2

THEOREtICAL CONSIDERATIL IS

METHOD

The details of the compound pendulum method upon which this study
is based are treated in reference 2; a brief description is given here
for general background information.

The compound or physical pendulum is an el ementary dynamic system
consisting of an extended mass oscillating abo-t a fixed horizontal axis
under the force of gravity. If two parallel axes of oscillation are pro-
vided and certain simplifying a~sumptions made, it is not difficult to
show that the simultaneous solution of the torque equations for the two
axes yields expressions for the moment of inertia and center of gravity
of the pendulum in terms of its weight, periods, axis separation, and
acceleration due to gravity. Since the sums of the moments of inertia
of two or more masses with respect to the same axis equal the moment of
inertia of the combined masses with respect to that axis, the moment of
inertia and the center of gravity of a mass (the human subject) distinct
from the pendulum can be found.

In general (reference 2), the distance from the short suspension
axis (figure 1) to the center of gravity of the subject ii given by

T2

4r L +pV')(2L' +L\L) +LL-+ PV) - T1 ( + W,) WILL(T T 2)
L - r

SW(T~ T) + 01~ + ),ý

while the moment of inertia of the subject about the axis through his
center of gravity and parallel to the fulcrum axis is given by

T2 2
IS+Ls) Is - + +PV)L

Io = 4r.2k'" us + WT _. , L

In these expressions,

Ts = the period of the pendulum about the short suspension axis;

T1 = tne period of the pendulum about the long suspension axis;

!I - the moment of inertia of the pendulum (without subject)
about the short axis;

g = the acceleration due to grzavity;
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A - Long suspension axis

P - Short suspension axis

0 - Angular displacement of pendulum

W - Weight of subject, suit and pressurized oxygen within suit

WI - Weight of pendulum without subject

AL - Distance between pendulum axes, A and B

Ls - Distance from short suspension axi8, B, to CG of subject

- Distance from short suspension axis, B, to CG of pendulum

Figtre 1. Schematic of Compouxid Pendulum
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V = the effective subject volume based upon subject, suit, and

pressurized oxygen weights and densities;

Vt = the pendulum volume based upon weight and mean density;

p = the ambient air density;

and the remaining symbols are as given in figure 1.

The basic determination of the center of gravity and moment of inertia
of an individual involves only five measurements: air temperature, body
weight, the two pendulum periods about the short and long suspension axes,
and a reference distance from the pendulum fulcrum to a body landmark (the
back and seat planes in this case). For measurements thken on the suited
subject, this procedure :s modified only slightly (appendix IV); unpressur-
ized suited weight and suit-gas weight are the only additional requirements.

Buoyancy correction factors appear in the expressions for cg and Io
in the terms involving pV. In this experiment, the subject, pressure-suit,
and pressurized-gas volumes were not measured directly, but were replaced
by their equivalent weight-to-density ratios. In the case of the subject,
a mean body density of 65.25 lb/ft 3 was assumed. The 0.02-1b correction
for the pressure-suit mass, computed from suit weight and estimated suit
density, was neglected. The mass of the gas contained within the pressur-
ized suit was weighed by a difference method which, to a first approximation,
eliminated the buoyancy correction.

A desirable feature of the compound pendulum method is the determination
of the center of gravity of the subject in proper relationship with the
gravity vector, as contrasted with balanc-e methods in which the soft tissues
of the body are displaced orthogonally with respect to the direction of
measurement.

ACCURACY

The theoretical limits of accuracy obtainable with the compound pendu-
lum technique (as applied to living human measurement) were estimated (refer-
ence 2) from the total differentials of Ls and Io. These limits depend upon
the magnitude of the moment of inertia which in turn is a function of body
weight, dimensions, position, and axis. Provided the crucial experimental
variables are carefully controlled, accuracies of ±2% for maximum Io values
and ±e% for mininmum Io values appear within the realm of possibility (refer-
ence 2). The distance to the center of gravity can be measured to within

Z0.5% or less along the x and z axes.

Accuracy of measurement o& the suited sibject is essentially that of
the nude individual except for positior•ng problems, whose influences are
difficult to assess. The procedure followed here involved positioning and
restraint prior to pressurization, and the use of the minimuzz sitt pressure
(1 psig) required to produce maximum significant suit growth in terms of
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mass distribution. Although suit growth is evidenced at pressures between
1 and 3.5 psiR. it is small in magnitude relative to that which occurs in
the range of zero to 1 psig.

DATA RECORDING AND PROCESSING

Experimental data, body dimensions included, were recorded directly
on decimal data key punch sheets (appendix IV), an arrangement designed
to minimize transcription errors and provide an orderly procedure for the
experiment. Computations were carried out on the IBM 7094 computer using
a modification of a program employed in a previous study (reference 7).

BODY COORDINATE SYSTEM

An orthogonal axis system was defined by the intersection of the
three principal planes of the body passing through the center of gravity
of the body as shown in figure 2. The z-axis is formed by the intersection
of the sagittal plane and the frontal plane; the y-axis, by the inter-
section of the frontal and transverse planes; and the x-axis by the inter-
cection of the sagittal and transverse planes.

Sagittal

Plane

Frontal /

Plane

Transverse

Figure 2. Body Cuordinate System
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z Z
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Figure 3. Reference Landmarks for Location of Center of Gravity

The axis system is referenced to body landmarks as shown in figure 3.
LMX is the distance from the back plane to the center of gravity measured
along the x-axis. L(Z) is the distance from the seat plane to the cg measured
along the y-axis. L(Y) is the distance from the anterior-superior spine of
the ilium to the cg measured along the y-axis. Bilateral symmetry is assumed
for both body positions and L(Y) defined as one-half the bispinous breadth
(appendix III).

BODY POSITIONS

The two body positions shown in figure 3, Sitting and Relaxed ( .eight-
less), were selected for measurement. These particular positions were

chosen in part because of their appropriateness with respect to the prac-tical situation and also because they are readily attainable in the A/ sue-2
suit when pressurized. The standari anthropometric position, Standing,
would also have been a desirable choice, but preliminary tests indicated
significant distortion of the position as a result of suit inflation. The
Sitting and Relaxed configurations are defined below.

7
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1. Sitting 2. Relaxed (Weightless)*

Figure 4. Body Positions

1. SITTING Upper legs and forearms parallel to x-axis;
upper arms, lower legs, and spine parallel to
z-axis; soles parallel to xy-plane; wrist axes
parallel to z-axis; hands slightly clenched;
head in Frankfort plane.

2. RELAXED (WEIGHTLESS) Position predicted to be asiumed by a human
being when relaxed in the weightless state.*

*After K. W. Kennedy (Anthropology Branch), in Simons, J. C., "An Introduction

to Surface-Free Behavior", &gno•.c, Vol. 7, No. 1, p. 24-25, January 1964.
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SECTION 3

DIESCRIPTION OF APPARATUS AND FULL-PRESURE GARMENT

PENDULUMS

The two compound pendulums, shown in figure 5 suspended from their ful-
crmn and axis transfer mechanisms, were originally desi od and fabricated
in accordance with the criteria presented in reference 2. Modifications of
the earlier fixtures (reference 7) consisted of: (a) structural redesign
to accommodate the range of subjects in the Sitting and Relaxed positions
both while nude ard while wearing the pressure suit, and (b) iistallation
of the oxygen breathing and pressurization systems. One pendulum (I/Ioy)
was used to measure the z-axis centers of gravity and the x and y-axis
moments of inertia; the other (Ioz) was employed in determining x-axis cen-
ters of gravity and z-axis moments of inertia. As stated previously, y-axis
centers of gravity were defined as one-half the bispinous breadth and,
therefore, not measured by the pendulum method. All fulcrums (figure 6)
were of the cone-plane type with contact surfaces of ground and polished
tungsten steel. Prior to use they were cleaned with carbon tetrachloride
and then coated with a thin film of instrument oil.

loxloy Pendulum loz Pendulum

Figure 5. Measurement Apparatus - Pendulums
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Figure 6. Measurement Apparatus - Pendulum Fulcrum

F , Mt

Figure 7. Measurement Apparatus - Qxygen System
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Figure 83. Schematic or Oxygen Breathing and Pressurization System

OXYGEN SYSTEMS

Lightweight oxygen systems were fabricated arnd installed in each pendu-
lum to provide the subject with oxygen and to maintain suit pressure during
the periodl determinations (figure 7). Figure 8 shows a schematic of the
system with the primary oxygen source attached. The pressure inu the pendulum
oxygen cylinder (Type D-2) was maintained at J&0O psi at all times during the
pendulum calibrations and subject measurements. Suit pressurization to 1 psi
was achieved 'by adjusting hebmet pressure with the suit-controller loading
valve; the primary oxygen cylinder was then removed from the system anid r•~-
piratory flow and suit leakage supplied by the pendultum source. B~eed-down
seldom exceeded 25 psi during the pendulum-period measurements, With the ex-
ception of these 1-to-2-minute intervals, the suited subject was cooled
bontinuously by gas from a portable liquid-nitrogen venutila.tion unit.
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INSTRUMENTATION
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electronic system consisting of a photodiode switch (figure 9), a decade and
overflow mechanical counter and a pulse inhibitor (figure 10). When the rod
attached to the base of the pendulum interrupts the light falling on the
diode (figure 9), a pulse is generated which opens the gate in the decade
counter (Hewlett Packard Model 522B). The counter records elapsed time (with
overflow to the mechanical counter) until the gate is closed, i.e., for 2n
succeeding pulses, where n is the number of periods over which the average
is being taken. Inhibition of the 2n-1 unwanted pulses following the initial
triggering pulse is accomplished with conventional solid-state decade-counter
circuitry. The complete instrumentation system provides for the measurement
of average pendulum period over a range of 1 to 10 cycles.

BODY RESTRAINT

A system developed during a previous study (reference 7) was found to
be reasonably satisfactory for the restraint of the suited individual. It
entailed the use of masking tape, Velcro tape, and rigid low-density poly-
styrene foam blocks. (See figures 13 through 17 for examples of nude and
suited body restraint.) In the case of x- and y-axis moments of inertia
measurements, however, a lap belt and shoulder straps made of lightweight
nylon were found necessary. The assembly weighed 0.61 pounds. This was
assumed to be a part of the garment weight, as was the oxygen hose and suit-
pressure gage.

FULL-PRESSURE GARMENT

Photographs of the A/P22S-2 full-pressure assembly are shown in figure
ll; a complete description of the garment can be found in reference 5.
Briefly, the suit consists of four-layer coveralls, a helmet, gloves, and
boots. The coveralls, gloves, and boots are sized to fit a range of indi-
viduals; table I shows the system used by the U.S. Air Force in sizing the
coveralls. The helmet is available in one size only. Pads and an adjust-
ment mechanism within the helmet are used to accommodate the wearer.

A suit pressure of 1 psig was used throughout all pressurized measure-
ments; this was found to be adequate in terms of suit distension and subject
comfort.

12



Figure 9. Photodiode Switch

Figure 10. Electronic Co'mter andi Pulse Inhibitor
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Figure 1-1. Full-Pressure Assembly Type A/P22S-2

TAPIE I

PRE:'3URE-SUIT SIZP.;G SYSTEM

Stature - in. Weight - 1b. Suit Size

63.00 67-50 125 149 Small Regular
'25 149

67-50 72.00 Small Long
64-50 69.00 150 Medium Regular
69.00 73-50 150 174 Medium Long

66.00 70.50 175 199 large Regular

70-50 75-00 175 199 large Long
67-50 72.00 200 224 Extra-Iarge Reg,,LUr

72.00 76-50 2-w 224 Extra-large Long

14
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SELECTIO;: OF SUBJECTS

The experimental sample employed in this study consisted of 19 male in-
dividuals selected from personnel from the Bioastronautics Branch, Air Force
Flight Test Center, Edwards Air Force Base, and North American Aviation
employees having pressure-suit experience. Selection was based upon stature
and weight, andI the sample was chosen so as to be representative of the stature-
weight distribution of the U. S. Air Force population as defined in reference 4.

The stature-weight distribution of the subjects participating in this
study is shown in figure 12. The statistical properties of the sample are:
stature-weight correlation coefficient, rqw = 0.44, mean weight = 164.6,
S.D. =17.4; mean stature = 69.0, S.D. =-2.3. These indicate an acceptable
fit to the Air Force population for which an r of 0.47 (reference 3) has
been reported, using a mean weight = 163.66, S.. = 20.86, and mean stature
69.1, S.D. = 2.4 (reference 4).

76 
-

N : 19P9,9 r- 0."1
S.E. - 2.02:q

P95
72 •

-70

68

1.5

P,

120 140 160 180 200 220

Figure 12. Subject Stature-Weight Scatter Diagram
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Pressure-suit sizing and fitting were accomplished by techmical personnel
vt t F•ighlest Ce nter. Their procedure followed for the most part the

system shown in table I. Since suits were loaned on a noninterference basiR.
onf-size substitutions were occasionallv necessary. This procedure did not
materially influence experimental result6s because the overall variation in
clothing weight was quite small (S.D. = 0.5 lb for the total sample).

ANTHROOMETRY OF SUBJECTS

Fifty dimensions were taken on each subject. Tney are listed in table
iI and include thirty-five standard dimensions contained in reference h, and
fifteen others. The former are useful in describing the characteristics of
the experimental sample in relation to the Air Force population, while the
latter are expected to be useful in determining other biophysical character-
istics such as the weight of certain body segments, etc. A description of
each dimension can be found an appendix IIM.

TABLE II

ANTHROPOIMTRY

Age Hip Breadth, Sitting
Ankle Circumference iliac Spine Height
Axillary Azm Circumference Knee Circumference, Standing
Biacrcmial Diameter Lower .Arm Length
Biceps Circumference (Extended) Lower Thigh Circumference
Bispinous Breadth Shoulder Height (Acromial Height)
Buttock-?opliteal Length Sitting Height
Buttock Circumference Sk:Lfold, Juxta-nipple
Buttock Depth Skin!fold, Mid-axillary Line, Xiphoid
Calf Circumferenme Skirfold, Triceps
Cerv• cale Height Span
Chest Breadth Sphyrion Height
Chest Circumference Stature
Chest Depth Substernale Height
Elbow Circumference (Extended) Suprasternale Height
Fist Circumference Thigh Circumference
Foot Breadth Tibiale Height
Foot Length Trochanteric Height
Forearm Circumference (Extended) Upper Arm Length
Hand Breadth at Metacarpale Waist Breadth
Hand Length Wai3t Circumference
Head Brsadth Waist Depth
Mead Circumfcrence WaistHeight

Head Length Weight
Hip Breadth Wrist Circumference

16



All measurements were made with atarrda a=ithropometric inruments.
Lange skinfold calipers* were used in obtaining skinfold thicknesses
(reference 6).

CALIBRATION OF APPARATUS

Calibrat.ion of the Io- and cg-m-easurement apparatus:, consisting of the
timer and pendulums, was accomplished in a manner similar tL that described
previously (reference 7), the only difference being the press-rizat.inn of
the o.iboard ovygfn systems prior to pendulum weighing and calibration. The
period of the oscillator in the Hewlett Packard electronic counter wms ad-
justed to correspond with that of a secondary frequancy standard nmintained
by the North American Aviation Metrology Laboratory. This calibratio. in-
sured a basic counter accuracy of 2 parts in 100. The design of the photo-
diode swritch provided a pulse rise time at the input to the cotnter of
approximately 1 microsec.

Reproducibility of period measurements was wvaluated with the aid of
an 8-foot.imple pendulum oscillating through a 1-degree arc. It was found
to be approximately ± 0.0001 sec. for single-cycle comparisons and approxi-
mately ± 0.00005 sec. for 10-cycle averages.

Moments of inertia and centers of gravity of the pendiulums with re-
spect to their short suspension axes were measured by taking ten 10-cycle
averages of the periods for each suspension, axis, and positicn. Fulcrum
separations (AL) were measured with a height gage to about t 0,001 inch.
The pendulums were weighed to an accuracy of ± 0.01 lt. on a calibrated
Triner scale.

The pendulum calibration was repeated periodically throughout the svob-
ject measurements; in this manner the stability of I,, the pendulum rx.,inent
of inertia, was monitored. Variations in I', !D, and D~ wrre exceed-
ingly small: ± 0.08, ± 0.08, and ± 0.13 percent.

MOMENT OF INERTIA AND CG DETERMINATION

The restraint material was identical to that employed previously
(reference 7), consisting of masking tape, Velcro tape, and polystyrene
foam shim blocks; however, a lightweight nylon lap belt and shoulder straps
were used in the Iox/Ioy fixture for the suited modes. No difficulty was
experienced in achieving good restraint for the suited subject, and re-
restraint following pressurization was unnecessary.

Subject weight, both nude and suited, was recorded on a Fairbaziks,
Morse and Company scale (accuracy ± 0.05 lb.); nude body weight included
shorts weighing approximately IL ounces. Restraiat mateript-l was also
assumed a part of the subject's body weight,

* Cambridge Scientific Industries, 18 Poplar Strest, Cambridge, Maryland
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The experimental procedure was planned to reduce error and to minizmaza
inconvenlenco to the participants. This uas achieved as follows: (1)
by a t1ze-and..-moion study of the entire experiment prior to any actual
m6asurements, (2) by coding the computer program to accept data in optimum
oredr, end (3) by recording al data directly on keypunch sheets.

Appendix IV shows a typical set of data. Each sheet is divided into
three sections: Number (the raw experimental data), Identification (card
sequence number), and Description (experimental procedure). The suited
x- and y-axiB measurements are recorded: air temperature, suit and boot
sizes are recorded; the subject is weighed nude, then is dressed in the
pressure suit and weighed again; the weight of the gas required to pres-
surize the suit to 1 neig is measured; the subject is restrained in the
Mitting position and, while unpressurized, short and long suspension periods
are !neaaured for the x- and then y-axes; the suit is pressurized and periods
again measured and recorded; the subject is then re-restrained in the Re-
laxed position and the period measurement sequence again repeated; finally
the subject's suited weight, with shims and tape, is remeasured, and air
temperature is again recorded. Figures 13 through 16 show a subject as he
appeared during a complete set of measurements. Figure 17 illustrates the
almost undetectable effect of pressurization upon body position.

18



Figure 13. Subject Restrained in Ix17Pendulum - Sitting Position

Figure 14. Subject Restrained in Iox/loy Pendulum - Relaxed Position
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Figure 15. Subject Restrained in loz Pendulum -Sitting Position
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Figure 16. Subject Restrainik in Ic. Pendulum Rela-ld Position
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Unpressurized

Pressurized

Figure 17. Comparison of Unpressurized and Pressurized
Modes - Ioz Pendulum, Sitting Position
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SECTION 5

Tables III, IV, and V summarize the experimental and statistical results
of the study. All statistical data sheets printed out by the computer are
presented in appendix I; individual subject data, viz., centers of gravity,
moments of inertia, anthropometry and clothing information, are contained in
appendix II. Lists of symbols used in the printout can also be found in
appendixes I and II.

Correlations given in the tables, including those for the unpressurized
and prAs'rized modes, are based upon nude subject weight, specifically the
mea _' -- o nude weights taken prior to the nude and suited measurements.
In moF' the measurements for the three modes were made during the same
day, rariation in nude weight seldom exceeded ± 0.5 lb. Mean nude
weight .orded for each subject on his individual data sheet in appendix II.

The arithmetic means and standard Aeviations of the centers of gravity
and moments of inertia of the sample are presented in table III together with
the means and standard deviations of age, weight, stature, z clothing weight.
Mean centers of gravity for both positions and all modes are shown in figure 18;
since body symmetry was assumed with respect to the sagittal plane, y-axis
centers of gravity are independent of body position and mode. It is evident
that the pressure suit displaces the center of gravity in a positive direction
along both the x-axis (anterioriy) and z-axis (headwardly). The average effect
of the suit on the moments of inertia about the x, y, and z axes is an increase
of approximately 20, 19, and 20 percent for the Sitting position, and 19, 27,
and 16 percent for the Relaxed position.

An interesting aspect of the center-of-gravity eata is the behavior of
the x-axis means for the unpressurized and pressurized modes. For both the
Sitting and Relaxed positions, pressurization produces positive cg displace-
ments of the means of approximately 0.3 inch; the shifts are significant at
the 5-percent level. The corresponding changes in moments of inertia (about
the z-axis) show no significant differences. A probable explanation for the
observed displacements can be found in the experimental procedure. During z-
axis moment-of-inertia measurement (x-axis center--of-gravity measurement), the
subject's weight is distributed over a large area, a shoulder harness and lap
belt are not employed, and pressurization, therefore, can produce a significant
total-body linear translation normal to the back plane (the plane of cg refer-
ence). Overall body position, on the other hand, is not significantly altered
because of the restraint system, and z-axis moment of inertia remains, within
the limitations of measurement accuracy, essentially constant.

Table IV shows the results of the linear rpgression analysis of moment of
inertia versus stature and weight.. Correlation coefficients range between 0.91
and 0.97; standard errors of estimate are approximately 3 to 6 percent of their
corresponding means. The very high correlations and low standard errors denote
an almost perfect linear dependence of moment of inertia on the subject' s
stature and nude weight; the derived regression equations are, consequently,
useful expressions from which the moments of inertia of the suited as well as
the nude individual. can be computed.
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The resalts of the t-tests for significance (reference 1) of tho differ-
ec!fth .,, .of Lthe ,on.se various modes are given

in table V. All means of the nude and suited modes differ significantly
below the 1-percent level; none of the means of the unpressurized and pressur-
ized modes show significant differences at the 5-percent level.

TABLE III

ARITHMETIC MEANS AND STANDARD DEVIATIONS OF THE SAMPLE CENTERS

OF GRAVITY AND MCMENTS OF INERTIA (N = 19)

Axis Center of Gravity Moment of Inertia
(in.) (lb. in.sec. 2 )

Mean S.D. Mean S.D.

1. Sitting

Nude x 7.89 0.41 56.3 8.22
y 4.79 0.27 66.5 9.98
z 9.16 0.29 28.3 5.10

Unpressurized x 8.33 0.39 67.5 9.16
y 4.79 0.27 82.8 11.30
z 9.76 0.30 33.6 5.72

Pressurized x 8.62 0.38 68.8 8.70
y 4.79 0.27 82.4 11.30
z 9.70 0.28 34.0 5.72

2. Relaxed (Weightless)

Nude x 7.34 0.38 99.2 14.20
y 4.79 0.27 89.8 15.20
z 7.39 0.42 31.2 5.04

Unpressurized x 7.81 0.30 118.0 15.30
y 4.79 0.27 114.0 15.00
z 7.86 0.45 36.2 5.03

Pressurized x 8.08 0.29 118.0 15.20
y 4.79 0.27 114.0 15.70
z 7.81 0.48 36.1 4.85

Mean Age 27.4 yrs. S.D. Age 5.3 yrs.
Mean Weight 164.6 lbs. S.D. Weight 17.4 lbs.
Mean Stature 69.0 in. S.D. Stature 2.3 in.
Mean Clothing Weight 23.2 lbs. S.D. Clothing Weight 0.5 lb.
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TART. TV N

CORRELATION OF MWMENT OF INERTIA WITH

STATURE AND WEIGHT
(N = 19)

Axis Rjosw S.E.* Io Regression Equation*

1. Sitting

Nude x 0.95 2.67 -105.0 + 1.59S + 0.317W
y 0.91 4.07 -135.0 + 2.10S + 0.344W

0.97 1.17 - 70.4 + 0.923S + 0.212W

Unpressurized x 0.93 3.42 -114.0 + 1.82S 4- 0.337W
y 0.97 2.77 -181.0 + 2.96S + 0.362W
z 0.97 1.47 - 79.5 + 1.09S + 0.229W

Pressurized x 0.93 3.24 -120.0 + 2.06S + 0.28 W
y 0.94 3.79 -157.0 + 2.54S + 0.389W
z 0.96 1.53 - 78.1 + 1.07S + ".230W

2. Relaxed (Weightless)

Nude x 0.97 3.30 -191.0 + 2.88S + 0.556W
y 0.95 4.60 -265.0 + 4.04S + 0.461W
z 0.94 1.75 - 46.0 + 0.567S + 0.231W

Unpressurized x 0.95 4.62 -197.0 + 3.19S + 0.574W
y 0.96 4.38 -217.0 + 3.59S + 0.506W
z 0.96 1.33 - 54.8 + 0.801S + 0.217W

Pressurized x 0.97 3.93 -208.0 + 3.42S + 0.550W
y 0.96 4.44 -254.0 + 4.18S + 0.482W
z 0.96 1.36 - 48.7 + 0.720S + 0.214W

= 0.44 S.E. = 2.02 in. S = 59.58 + 0.057W

*I0 and S.E. in ib.in.sec. 2

S in in.

Win lbs.
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TABLE V

TESTS FOR SIGNIFICANCE OF DIFF RNCES OF SAMPLE MO.4E'T-OF-INMZTIA

t - Icalues

Ix 7 Iz

I. Sitting

Nude - Unpressurized 3.863* 4.583* 2 .967*
Nude - Pressurized 4.424- 4.512* 3.161*
Unpressurized - Pressurized 0.428 0.083 0.184

2. Relaxed (Weightless)

Nude - Unpressurized 3.750r 4.736*
Nude - Pressurized 3,873* 4.639* '9.9*
Unpressurized - Pressurized 0,098 0.022 O.094

*Significant (to.0 1 = 2.720, t2 0 5  2.028)

26



Nude Unpressurized Pressurized

1. Sitting

Nlude Unm-ressurized Pressur-ized

2. Re] mxed (Weightless)

Figure 18. Hean C:enters of Gravity
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APPENDIX I

STATISTICAL DATA

SYMBOLS USED IN PRINTOUT

A, B Regression equation constants, stature versus weight

A(X), A(Y),...,C(Z) Regression equation constants with respect to
denoted axis for single and multiple moment-of-
inertia correlations

AV Arithmetic mean of the sample

AVL(X) Arithmetic mean of the centers of gravity along the
x-axis measured with respect to the back plane

AVL(Y) Arithmetic mean of the centers of gravity along the
y-axis; equal to one-half the average bispinous
distance

AVL(Z• Arithmetic mean of the centers of gravity along the
z-axis measured wirth respect to the plane of the soat

AVI(X), AVI(:Y), AVI(Z) Arithmetic me~as of the moments of inertia with
respect to the x-, y-, and z-axes, respectively

E Probability level in t-test

I(X), I(Y), I(Z) Moments of inertia about the x-, y-, and z-axes
through the center of gravity of the subject

N Total number of subjects

R Correlation coefficient

R(X), R(Y), R(Z) Correlation coefficients with respect to x-2 y-,
and z-axes for single and multiple mc=.ent-of-
inertia correlations

S Standard error of estimate

S(X), S(Y), S(Z) Standard errors of estimates with respect to the
x-, y-, ard z-axes for single and maltiple moment•-
of-inertia correlations

SD Standard daviation from the mo•n
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SDLO(), SDL(Y), SDL(Z) Standard deviations of the centers of gavity
from AVL(X), AVL(Y), and AVU(Z), respectively

SDI(X), SDI(Y), SDI(Z) Standard deviations of the moments of inertia

from AVI(X), AVI(Y), and AVI(Z), respectively

T independent variable in t-distribution

T(E) Magnitude of T for 2N-2 degrees of freedom at
E level of probability

30



STATISTICAL DATA (N a 19)
MflUMAN AND% STNDR 0 "t*ttL.2'TfltNf

POSITION AVL(X) AVL(Y) AVL(Z) SOLIX) SOLIV) SDL( )

1 SITTING
NUDE 789+01 479+01 916+01 408-00 271-00 290-00
UNPRESSURIZED 833+01 479+01 976+01 387-00 271-00 302-00
PRESSURIZED 862+01 4?9+01 970.01 37Q-00 271-00 275-00

2 RELAXED (WEIGHTLESS)
NUDE 734+01 479+01 739.01 382-OC 271-CO 420-00
UNPRESSURIZED 781.01 479+01 186+01 297-00 271-00 447-00
PRESSURIZED 808+01 479+01 781.01 288-00 271-00 484-00

POSITION AVI{) AVI(Y) AVI(Z) SDIIX) SDO {Y) SDI{Z)

1 SITTING
NUDE 563.02 665+02 283+02 822.01 998+Cl 510o01
UNPRESSURIZED 675+02 828+02 336+02 916+01 113+02 572+01
PRESSURIZED 688+02 824+02 340.02 870.01 113+C2 572+01

2 RELAXED (WEIGHTLESSI
NUDE 992+02 898t02 312402 142+02 152+02 50401
UNPRESSURIZED 118+03 114+03 362+02 153+02 150+02 503+01
PRESSUkIZED 118+03 114+03 361+02 152+02 157+02 485+01

AVERAGE AGE 27.4 AVERAGE STATURE 69.0
STANDARD DEVIATION AGE 5.3 STANDARD DEVIATION STATURE 2.3

AVERAGE NUDE WEIGHT 164.6 AVERAGE CLOTHING WEIGHT 23.2
STANDARD DEVIATION NUDE WEIGHT 17.4 STANDARD DEVIATION CLOTHiING WEIGHT 0.5

(WEIGHT IN POUNDS, LENGTH IN' INCHES, MOMENT OF INERTIA IN L6-IN-{SEC)SJ)

STATISTICAL DATA (N = 19)
SIMPLE LINEAR CORRELATION - MOMENT OF INERTIA VS STATURE

POS:TION RMx) RKY) R(Z) S(X) S(Y) S(Z)

I SITTING
NUDE 731.00 73-It") 726+00 561+01 673+01 351+01
UNPRESSURIZED 729+00 8_-20 737+00 627+01 628+01 386+01
PRESSURIZED 780+00 7i2+00 732400 544+01 715+01 390+01

2 RELAXED (WEIGHTLESS)
NUDE 757+00 829+00 605+00 928+01 852+01 401+01
UNPRESSURIZED 754+00 798+00 690+00 101+02 90101 364+01
PRESSURIZED 784+00 832+00 671+00 942+01 872.01 359+01

Fi0XITION A(X) A(Y) A(ZI 8(X,I 8(Y) 8(Z)

1 SITTING
NUDE -128+03 -159+03 -853+02 267+01 327.01 165+01
UNPRESSURIZED -137+03 -206+03 -956+02 297+01 419*01 187+01
PRESSURIZED -139+03 -184403 -942+02 302+01 386.01 186+01

2 RELAXED IWEIGHTLESS)
NUDE -230+03 -297+03 -622+02 47e+01 561.01 135+01
UNPRESSURIZED -237+03 -253+03 -701+02 514+01 531.01 154.01
PRESSURIZED -247+03 -288.03 -637+02 521+01 582+01 145+01

(WEIGHT IN POUNDS, LENGTH IN INCHES* MOMENT OF INERTIA IN LB-IN-(SEC)SQ)
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STATISTICAL DATA (N x 19)
S!MPLEL! 'EAr C 0ELATIUN - iiEhfT di; INKTIA VS WEIGHT

POSITION RIX) R(Y) Rhl) S(X) S(Y) Sill

1 SITTING
NUDE 861+00 808+00 902+00 418+01 587+01 220+OA
UNPRESSURIZED 836+00 814+00 886+00 502401 658.O0 265+01
PRESSURIZED 196+00 824+00 885+00 527+01 637+01 266+01

2 RELAXED (WEIGHTLESS)
NUDE 882*00 788+00 909+00 670+01 937+01 209+01
UNPRESSURIZED 856+00 825+00 909+00 792+01 847+01 209+01
PRESSURIZED 852+00 795+00 912+00 794+01 954+01 199+01

POSITION AIX) A{Y) AMZ) B(X) B(Y) B(Z)

I SITTING
NUDE -108+02 -997+01 -154+02 408-00 464-00 265-00
UNPRESSURIZED -507+01 -465+01 -144+02 441-00 531+00 292-00
PRESSURIZED 319+01 -550+01 -140+02 399-00 534+00 292-00

2 RELAXED (WEIGHTLESS)
NUDE -195+02 -240+02 -122+02 721+00 692+00 264-00
UNPRESSURIZED -685+01 -332+01 -708+01 757+00 711+00 263-00
PRESSURIZED -448+01 -487+01 -584+01 745+00 721+00 255-00

STATURE-WEIGHT CORRELATION R x 0.44 S z 2.02 A = 59.58 8 0.057

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN--(SEC)SQ)

STATISTICAL DATA (N = 19)

MULTIPLE LINEAR CORRELATION - MOMENT OF INERTIA VS STATURE AND WEIGHT

POSITION RMX) RIY) R{Z} SMX) S(Y) S(M)

1 SITTING
NUDE 946+00 913+00 973+00 207+01 407+01 117+01
UNPRESSURIZED 928.00 970+00 966+00 342+01 277+01 147+01
PRESsURIZED 928+00 942+00 963+00 324+01 379+01 153+01

2 RELAXED (WEIGHTLESS)
NUDE 973+00 953+00 937+00 330+01 460+01 175+01
UNPRESSURIZED 954+00 956+00 964+00 462+01 438+01 133+01
PRESSURIZED 966+00 959+00 960+00 393+01 444+01 136+01

POSITION AMX) AIY) A(Z) 8(X) 8(Y) B(Z) C(X) C(Y) C(Z)

1 SITTING
NUDE -105+03-135+03-704+02 159+01 210+01 923+00 317-00 344-00 212-OC
UNPRESSURIZED -114+03-181+03-795+02 182+01 296+01 109+01 337-00 362-00 229-00
PRESSURIZED -120+03-157+03-781+02 206+01 254+01 107+01 2RI-00 389-00 230-00

2 RELAXED (WEIGHTLESS)
NUDE -191+03-265+03-460+02 288+01 404+01 567+00 556+00 461-00 231-00
UNPRESSURIZED -197+03-217+03-548.02 319+01 359+01 801+00 574+00 506+00 217-00
PRESSURIZED -208+03-254+03-487+02 342+01 418+01 720+00 550+00 482-00 214-00

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SQ)

32



c zzr- cz z--q
LA zc:Po Z CC

o mrtl m x 'n mz
z m 1 0 mgIo 1

-n L^ X z (m'X -
9- a m a -0 3c mv

> "~~ LArCVsp-() M

"m..~ C f40 C

V*4x - fN
-Qm.-m M iQ M

m rn (A m

LA (A

in in -- 4

(A -n

N Z-n

O-(

InD

u-f

co~~ OD 010



APPENDIX TT

SUBJECT DATA

The computed moments of inertia and centers of gravity for the individual
subjects together with the corresponding anthropometric dimensions are pre-
sented in the following pages. The data are for the most part self-explanatory.
Definitions of the symbols and abbreviations are reproduced here for the con-
venience of the reader. Floating point numbers are read conventionally, e.g.,
274402 means 0.274 x 102 or 27.4.

L(X) Distance to the center of gravity of the subject as measured
along the x-axis from the back plane

L(Y) Distance to the c:enter of gravity of the subject measured
along the y-axis from the iliac crest. Since body symmetry
with respect to the sagittal plane is assumed, L(Y) is equal
to one-hal! the bispinous breadth.

L(Z) Distance to the subject center of gravity measured along
the z-aJ-ds from the plane of the seat

I(X) Moment of inertia about the x-axis through the subject's
center of gravity

I(Y) Moment of inertia about the y-axis through the subject's
center of gravity

1(Z) Moment of inertia about the z-axis through the subject's
center of gravity
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AMBB VITATTOMS OF A?4rH!OPORETr_ MflT3nN.MTnM

Ankle r Ankle Circumference
Axdlarm C AxiJlary Arm Circumference
Biacrom D Biacromial Diameter
Bicep C Biceps Circumference (Extended)
Bispin B Bispinous Breadth
Butpop L Buttock-Popliteal Length
Butt C Buttock Circumference
Butt D Buttock Depth
C•,lf C Calf Circumference
Cervic H Cervicale Height
Chest B Chest Breadth
Chest C Chest Circumference
Chest D Chest Depth
Elbow C Elbow Circumference (Extended)
Fist C Fist Circumference
Foot B Foot Breadth
Foot L Foot Length
Forearm C Forearm Circumference (Extended)
Hand B Hand Breadth at Metacarpale
Hand L Hand Length
Head B Head Breadth
Head C Hlead Circumference
Head L Head Length
Hip B Hip Breadth
Hip B Sit Hip Breadth, Sitting
Iliac H Iliac Spine Height
Juxta S Skinfold, Juxta-nipple
Knee C Knee Circumference, Standing
Lovarm L Lower Arm Length
Lowthigh C Lower Thigh Circumference
Maix S Skinfold, Mid-axillary Line, Xiphoid
Shldr H Shoulder Height (Acromial Height)
Sit H Sitting Height
Span Span
Spbyri H Sphyrion Height
Substern H Substernale Height
Supstern H Suprasternale Height
Thigh C Thigh Circumference
Tibiale H Tibiale Height
Tricep S Skinfold, Triceps
Trochan H Trochanteric Height
Uparm L Upper Arm Length
Waist B Waist Breadth
Waist C Waist Circumference
Waist D Waist Depth
Waist H Waist Height
Wrist C Wrist Circumference
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SUBJECT NUMBER I AGE 33.0 STATURE 68.5 MEAN NUDE WEIGHT 159.8
SUIT SIZE 3 BOUT SIZE 10.0 CLOTHING TOTAL WEIGHT 22.8 S!RAP WEIGHT (XtY AXES) 0.61

POSITION LIX) tl l i!) i iL

I SITTING
NUDE 734+01 470+01 971+01 537+02 581.02 245+02
UNPRESSURIZED 787+01 470+01 104+02 656+02 765+02 294+02
PRESSURIZED 816+01 470+01 101+02 f-58+02 712+02 298+02

2 RELAXED (WEIGHTLESS)
NUDE 689+01 470+01 827+01 892+02 774+02 269+02
UNPRESSURIZED 759+01 470+01 857+01 106+03 987+02 335+02
PRESSURIZED 782+01 470+01 874+01 107+03 103+03 330+02

CERVIC H 58.6 SHLDR H 56.7 SUP$,iERN .4 56.0 SUBSTERN H 48.3 WAIST It 43.0
ILIAC H 37.8 TROCHAN H 35.-, YIBIAL H 18.0 UPARM L 13,0 LOWARM L 10.5
CHEST D 9.4 WAIST 0 9.3 fUTf 0 10.0 CHEST 8 13.3 WAIST 0 11.3
HIP B 13.2 AXILARM C 12.8 Bif.-P ' 11.9 ELBOW C 10.7 FOREARM C 10.7
WRIST C 7.2 FIST C 11.4 CHEST C 38.2 WAIST C 32.0 BUTT C 38.1
THIGH C 22.0 LOUTHIGH C 15.4 KNEE C 14.8 CALF C 13.7 ANKLE C 8.3
SPHYRI H 2.8 FOOT L 10.3 FOOT 8 3.5 SPAN 68.6 SIT H 36. I
BIACRON D 15.0 HIP B SIT 14.3 BUTPOP L 18.3 HAND L 7.1 HAND 8 3.3
HEAD C 2?.6 HEAD L 7.8 HEAD 8 6.2 MALX 5 0.5 JUXTA S 0.6
TRICEP S 0.4 BISPIN B 9.4

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG.
5-LARGE REG# 6-LARGE LONG, 7-EXTRA LARGE PEG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)St

SUBJECT NUMBER 2 AGE 35.7 STATURE 70.3 MEAN NJDE WEIGHT 169.7
SUIT SIZE 6 BOOT SIZE 11.5 CLOTHING TOTAL WEIGHT 23.4 STRAP WEIGHT (XsY AXES) 0.61

POSITION L(X) L(Y) L(Z) I(X) I(Y) 1(Z)

I SITTING
NUDE 822+01 520+01 878+01 592+02 679402 304+02
UNPRESSURIZED 873+01 520+01 942+01 696+02 84!+02 377+02
PRESSURIZED 895+01 520+01 935+01 700+02 829*02 381+02

2 RELAXED (WEIGHTLESS)
NUDE 774+01 520+01 694+01 107+03 939+02 342+02
UNPRESSIRIZED 830+01 520+01 765+01 125+03 118+03 434+02
PRESSURIZED 852+01 520+01 773+01 126+03 "1+03 407+02

CERVIC H 61.4 SHLDR H 58.6 SUPSTERN H 58.1 SUBSTERN H 48.5 WAIST H 46.3
IIAC H 41.0 TROCHAN H 37.8 TIBIALE H 20.2 UPARM L 13.9 LOWAKM L 10.8
CHEST 0 9.6 WAIST D 9.3 BUTT D 10.3 CHEST B 12.9 kAIST B 12.5
HIP B 14.2 AXILARM C 12.4 BICEP C 11.9 ELBOW C 10.6 FOREARM C 11.4
WRISi C 6.9 FIST C 12.1 CHEST C 38.9 WAIST C 34.6 BUTT C 39.1
THIGH C 21.8 LOWTHIGH C 16.1 KNEE C 15.6 CALF C 15.0 ANKLE C 11.8
SPHYRI 4 3.0 FOOT L 10.8 FOOT B 3.9 SPAN T3.6 SiT H 35.3
BIACROM .1 15.6 HIP B SIT 15.2 BUTPOP L 20.9 HAND L 7.6 HAND B 3.5
HEAD C 22.0 HEAD L 7.8 HEAD B 6.0 MALX S 0.6 JUXTA S 0.4
TRICEP S 0.3 BISPIN 8 10.4

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG,

5-LfARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB--IN-(SEC)SQ)
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SUBJECT NUMBER 3 AGE 26.2 STATURE 71.7 MEAN NUDE WEIGHT 157.3
SUIT SIZE 4 BOOT SIZE 10.0 CLOTHING TOTAL WEIGHT 22.8 STRAP WEIGHT (Xtv AXES) 3.61

POSITION L(X) LIY) LMZ) iMX) I(Yl lIZ)

I SITTING
NUDE 80601 502+01 953+01 552.02 671*02 280+02
UNPRESSURIZED 842+01 502+01 101+02 642+02 859#02 332.02
PRESSURIZED 873+01 502+01 997+01 646102 836+02 332.02

2 RELAXED (WEIGHTLESS)
NUDE 744.01 502+01 792+01 984.02 928*02 302+02
UNPRESSURIZED 798+01 502+01 835+01 113.03 114+03 370.02
PRESSURIZED 829+01 502.01 846+01 115+03 118*03 ]69+02

CERVIC H 61.7 SHLDR H 59.3 SUPSTERN H 58.4 SUBSTERN H 50.4 WAIST H 45.9
ILIAC H 40.7 TROCHAN H 37.7 TIBIALE H 19.0 UPARM L 13.7 LOWARM L 10.4
CHEST D 8.7 WAIST D 3.2 BUTT D 9.8 CHEST B 12.3 WAIST B 11.4
HIP B 14.1 AXILARM C 12.6 BICEP C 11.7 ELBOW C 10.6 FOREARM C 11.3
WRIST C 6.6 FIST C 11.9 CHEST C 36.1 WAIST C 31.3 BUTT C 39.6
THIGH C 22.2 LOWTHIGH C 14.8 KNEE C 15.0 CALF C 13.4 ANKLE C 8.3
SPHYRI H 2.6 FOOT L lu.6 FOOT 8 3.7 SPAN 70.8 SIT H 36.1
BIACROM 0 14.9 HIP B SIT 14.3 BUTPG: L 21.3 HAND L 7.5 HAND 8 3.5
HEAD C 22.0 HEAD O. 8.0 HEAD B 6.1 MALX S 0.5 JUXTA S 0.5
TRICEP S 0.6 BISPIN B 10.0

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG,
5-LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT uF INERTIA IN LO-IN-(SEC)SQ)

SUBJECT NUMBER 4 AGE 23.4 STATURE 72.9 MEAN NUDE WEIGHT 171.3
SUIT SIZE 6 BOOT SIZE 13.0 CLOTHING TOTAL WEIGHT 24.0 STRAP WEIGHT (X,Y AXES) 0.61

POSITION L(X) LKY) L(Z, 1{X) I(Y) I(Z)

1 SITTING
NUDE 845+01 543+01 917*01 703+02 820+02 334+02
UNPRESSURIZED 880+01 543+01 996+01 813+02 998+02 385+02
PRESSUkIZED 906+01 543+01 979401 860+02 983+02 384+02

2 RELAXED (WEIGHTLESS)
NUDE 780+01 543+0; 7zI+OI 120.03 115+03 354+02
UNPRESSURIZED 808+01 543+01 755+01 139+03 137#03 414÷02
PRESSURIZED 835*01 543+01 755*01 141+03 139+03 408+02

ERVIL H 62.5 SHLDR H 59.8 SUPSTERN :i 59.6 SUBSTERN H 51.0 WAIST H 46.4

iLIAC H 42.0 TROCHAN H 39.1 TIBIALE H '0-b UPARM L 14.0 LOWARM L 10.6
CHEST D 9.5 WAIST D 7.7 BUTT D 9.8 CHEST B 12.6 WAIST B 10.7
HIP B 14.3 AXILARM C 12.0 BICEP C 11.6 ELBOW C 10.7 FOREARM C 11.5
WRIST C 7.3 FIST C 11.7 CHEST C 36.6 WAIST C 29.3 BUTT C 39.5
THIGH C 22.1 LOWTHIGH C 15.8 KNEE C 15.4 CALF C 15.7 ANKLE C 9.6
SPHYRI H 2.9 FOOT L 10.9 FOOT 8 3.9 SPAN 74.7 SIT H 37.7
B!ACROM D 16.0 HIP B SIT 14.3 BUTPOP L 20.9 HAND L 7.8 HAND B 3.4
HEAD C 23.6 HEAD L 8.3 HEAD B 6.2 MALX S 0.2 JUXTA S 0.2
TRICEP S 0.4 BISPIN 8 10.9

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG,
5-LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-ISEC)SQ)

37

e



SUBJECT NUMBER 3 AGE 24.7 STATURE 66.5 MEAN NUDE o(IGHT i53.6
SUIT SUIE 3 BOOT SIZE 9.5 CLOTHING TOTAL WEISHT 23.1 STRAP WEIGHT (X,Y AXES) 0.61

" "!s, ;3, LiXi L iY LiLi , IX IAYI X)11

I SITTING
NUDE 763+01 451.01 905+01 518+02 560+02 234+02
UNPRESSURIZED 813+01 1-1+01 975+01 632+02 767#02 288+02
PRESSUPIZCD R35+01 51*01 957+01 624+02 728+0? 286+02

2 RELAXED (WEIGHTLESS)
NUDE 723.01 451+01 744+01 892+02 767+02 284+02
UNPRESSURIZED 779+01 451+01 795+01 105.03 103+03 337+02
PRESSURIZED 806+01 /51+01 790+01 106.O3 103+C3 336+02

CERVIC H 57.2 SHLJR 14 55.4 SUPSTERN H 54.1 SUBSTERN H 45.9 WAIST H 42.2
IL.IAC H 37.0 TROCHAN " 34.9 TIBIALE H 17.9 UPARM L 12.5 LOWARM L 10.3
CHEST 0 8.8 WAI'T - 8.5 L. TT D 10.1 CHEST B 12.7 WAIST B 11.3
HIP B 12.9 AXI' AR 12.0 BICEP C 11.7 ELBOW C 10.0 FOREARM C 10.6
WRIST C 6.8 FIS. 11.1 CHEST C 37.0 WAIST C 31.5 BUTT C 37.5
THIGH C 22.2 LOWTHIGH C 15.4 KNEE C 14.3 CALF C 15.0 ANKLE C 8.9
SPHVAI H 2.2 FOOT L IC.5 FOOT 6 3.9 SPAN 69.6 SIT H 34.6

B!ACROM 0 15.1 HIP i Sif 14.0 BUTPOP L 17.7 HAND L 7.3 HAND B 3.5
HEAD C 22.2 HEAD L 7.4 HEAD B 6.5 MALX S 0.3 JUXTA S 0.2
TRICEO S 0.3 BISPIN B 9.0

(SUIT SIZES 1-SMALL REG. 2- MALL LONG, 3-MED REG, 4-MED LONG,
5--LARGE REG, 6 -ARGE LON, 7-EXTRA LARGE REG, 8-E-iRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SQ)

SUBJECT NUMBER a AGE 32.2 STATURE 65.6 MEAN NUDE WEIGHT 135.1
SUIT SIZE 1 BOOT SIZE 11.0 CLOTHING TOTAL WEIGHT 22.4 STRAP WEIGHT (XsY AXES) 0.61

POSITION L(X) IMY) L(Z) IIX) I(Y' I(Z)

1 SITTING
NUDE 728+01 478+01 954+01 392+02 513+02 204+02
UNPRESSURIZED 774+01 478+01 988+01 495+02 601+02 243+02
PRESSURIZED 799+01 478+01 992+01 519*02 602+02 240+02

2 RELAXED (WEIGHTLESS)
NUDE 682+01 478+01 754.01 716+OZ 600+02 225+02
UNPRESSURIZED 734+01 4'8+01 821+01 868BOZ 895+02 263+02
PRESSURIZED 762401 478+01 808401 891+02 846+02 268+02

CERVIC H 56.5 SH!,DR H 54.0 SUPSTERN H 53.7 SUBSTERN H 46.3 WIST H 40.r
ILIAC H 36.7 TROCHAN H 35.4 TIBIALE H 18.0 UPARM L 12.9 LOWARM L 10.0
CHEST D 9.1 WAIST 0 8.6 aUTT D 9.9 CHEST 5 12.2 WAIST 8 11.1
HIP 8 12.8 AXILAPM C 11.9 BICt;- C 10.1 ELBOW C 9.8 FOREARK C 9.7
WR7ST C 6.2 FIST C 10.7 LHEST C 36.1 WAIST ( 31.8 9UfT C 36.0
THIGH C 20,4 LOWTHIGH C 13.8 KNEE C 13.3 C'LF C '2.8 ANKLE C 7.8

SPHYRI H 2.3 FOOT L 9.8 FOOT 5 3.5 SPAN '8.1 SIT H 34.1
BIACROM D 14.4 NIP B SIT 14.0 BUTPOP 1 18.3 HAND L S.0 HAND B 3.2
HEAD C 21.9 HEAD L 7.4 HEAD 5 6.3 MALX S 0.9 JUXTA S 009
TRICEP S 0.4 BISPIN 5 9.6

(SUIT SIZES I.SMALL REG, 2-SRALL LONGe .'-MED REG. 4--ED LONG*

5--LAtGE REG, 6-LARGE L0NG* 7-EX'RA LARGE REG* ii--ETRA LAAZI LIM|)

(WEIGHT IN ;rUNDS, LENGTH IN INCHES, MOMENT Of INERTIA IN LS-IN-4Sg4C$)Sw



SUBJECT NUMBER 7 AGE 25.4 STAT IRE 65.2 MEAN NUDE WEIGHT 156.2
SUIT SIZE 3 BOOT SIZl 9.5 CLOTHI'NG TOTAL W IGHT 23.2 STRAP WEIGHT (X,Y AXES) 0.61

PO S!L.' LSA.1 Zibll*

I SITTINJG
NUDE 744+01 44701. 928+01 498+02 562+02 229+02

UNPRESSURIZED 788+01 447+01 941+01 577+02 685.02 276*02

PRESSURIZED 811.+01 44:7. 1 954+01 588+02 719+02 286+02

2 RELAXED IWEIGHTLESS)
NUDE 705.01 447+01 769+01 829+02 723+02 261402

UNPRESSURIZED 770+01 447+01 827+01 982*02 953+02 326.02

PRESSURIZED 791+01 447+01 819401 100+03 917+02 325'02

CERVIC H 55.0 SHLDR H 53.1 SUP'TERN H 52.4 SUBSTERN H 45.1 WAIST H 40.3

ILIAC H 34.6 TROCHAN H 32.6 TIBIALE H 17.0 UPARM L 12.4 LOWARM L 9.8

CHEST D 9.2 WAIST D 8.7 BUTT D 9.6 CHEST B i3.1 WAIST B 11.5

HIP B 13.3 AXILARM C 13.3 BICEt" C 12.3 ELBOW C IC.9 FOREARM C 11.3

WRIST C 6.9 FIST C 11.4 CHESI C 38.5 WAIST C 33.1 BUTT C 38.2

THIGH C 23.3 LOWTHIGH C 16.2 KNEE C 14.8 CALF C 15.2 ANKLE C 10.7

SPHYRI H 2.5 FOOT L 10.0 FOC. B 4.0 SPAN 67.4 SIT H 35.3

BIACROM D 15.0 HIP B SIT 14.1 BUWPOP L 18.1 HAND L 7.0 4D 8 3.3

HEAD C 22.6 HEAD L 7.8 HEAD B 6.1 MALX S 0.8 ,.ATA S 1.0

rRICEP S 0.6 BISPIN 8 8.9

(SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MEC LONG,
5-LARGE REG, 6-LARGE LPNG9 7-EXTRA LARGE REG. 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN i.3-IN-%SEC)SQ)

SUBJECT NUMBER 8 AGE 20.0 STATURE 67.1 MEAN NUDE WEIGHT 167.9
SUIT SIZE 3 BOOT SIZE lt.0 CLeTHING TO3TAL WEIGHT 22.4 STRAP WEIGHT (XY AXES) 0.61

POSITION L(X) L(Y) L(t.) I(X) ItY) I(Z)

I SITTING
NUDE 785+01 480+01 917-,G 574+02 743+02 279+02
UNPRE SSdR I ZED 814+01 480+01 951.,01 684'.-02 783+02 321+02
PRESSURIZED 839+01 480+01 979-i1 688+02 884.02 315+02

2 "ELAxED (WEIGHTLESS)
NUDE 716+01 480,,01 70T?01 102+03 797+02 320+02
UNPRESSURIZED 753+01 480+01 7T,ýo01 116+03 111+03 338+02
PRESSURIZED 782+01 480+01 74ý`01 115+03 108+03 337+02

CERVIC H 57.1 SHL('R H 55.5 SUPSTERN H 54.1 S,'BSTERN H 45.6 WAIST H 42.0

ILIAC H 37.3 TROCHAN H 35.4 TIBIALE H 17.6 U AR4 L 12.2 LOWARN L 10.3
CKLST 0 9.9 WAIST D 9.4 BUTT 0 10.4 C4EST B 12.7 WAIST 8 11.9
HIP B 13.7 AXILARM C 12.8 BICEP C 12.2 E.BOW C 10.8 FOREARM C 11.2
4RIST C 7.0 FIST C 12.1 CHEST C 38.6 W %IST C 34.4 BUTT C 38.8
THIGH C 23.5 L'14THIGH C 16.9 KNEE C 15.0 C iLF C 15.0 ANKLE C 9.0
SPHYRI N 2.8 F- '" L 10.7 FOOT 8 3.9 S 'AN 69.9 SIT H 34.4
BIACROM 0 16.1 A,, B SIT 14.3 BUTPOP L 18.9 MiND L 7.5 HAND e 3.5
HEAD C 22.5 HEAD L 8.,0 HEAb B 6.1 RILX S 0.7 JUXTA S 0.7
TRICEP S 0.6 BISPIlI B 9.6

iSUl: SIZES I-SMALL REG, 2-SNALL LONG, 3-NED REG* 4-MED L@lC,

5-LARGE REG* 6-:.ARGE LONG, 7-EXTRA LA;,G- REG, S-EXTRA LARGE LONG)

'4EZ'HT IN POUNDS, LENGTH IN INCHESP MOMENT OF INERTIA t LS-IN-tSEC0SQ)



SURJECT NUMBER 9 AGE 37.6 STATURE 69.0 MEAN NUDE WEIGHT 138.0
SU!T SIZE 4 BOUT SIZE 11.5 CLITHING TOTAL WEIGHT 23.9 STRAP WEIGHT (XY AXES) 0.61

POSITION ' ' YV L{ZP :TJ 1111

I SITTING
NUDE 743+01 476.01 945+01 488.02 595+02 227.02
UNPRESSURIZED 800+01 476+01 100*02 627+02 716+02 285+02
PRESSURIZED 840+01 476401 100+02 648+02 734+02 291.02

2 RELAXED IWEIGhT'LiSS)
NUDE 674+01 476+01 735+01 873+02 752+02 242+02
U.tPRESSURIZED 731+01 476f01 814+01 109+03 103+03 297+02
PRESSURIZED 766+01 476+01 796+01 108+03 102+03 298.02

CERVIC H 58.6 SHLDR H 56.5 SUPSTERN li 56.1 SUBSTERN H 47.4 WAIST H 43.6
ILIAC H 38.2 TROCHAN H 35.b TIBIALE 11 18.2 UPARM L 12.8 LOWARM L 10.2
CHEST 0 8.5 WAIST 0 e.3 BUTT D 10.0 CL.EST B 12.7 uAISr B 10.7
HIP 8 12.9 AXgLARM C 12.2 BICEP C 11.2 ELBOW C 9.8 FOREARM C 10.6
WRIST C 6.8 F.ST C 11.5 CHEST C 35.8 WAIST C 30.5 BUTT C 36.4
THIGH C 20.2 LOWTHIGH C 14.3 KNEE C 14.7 CALF C 13.3 ANKLE C 8.3
SPHYRI H 2.8 FOOT L 10.7 FOOT B 3.8 SPAN 6S.1 SIT H 36.8
BIACROX 0 15.2 HIP 3 SIT 13.4 8UTPOP L 19.9 HAND L 7.5 HAND B 3.5
HEAD C 21.5 HEAD L 7.3 HEAD B 6.1 MALX S 0.4 JUXTA S 0.3
TRICEP S 0.4 BISPIN B 9.5

(SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REGp 4-MED LONG,
5-LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG)

IWEIGHT IN POUNDS, LENGTH IN INCHES, MORENT OF INERTIA IN LB-IN-iSEC)SQ)

SUBJECT NUMBER 10 AGE 33.7 STATURE 71.7 MEAN NUDE WEIGHT 184.6
SUIT SIME 8 BOOT SIZE 13.5 CLOTHING TOTAL WEIGHT 24.2 STRAP WEIGHT IX,Y AXES) 0.61

POSITION LIX) L(Y) LIZ) LiX) IMY) IIM)

I SITTING
NUDE 870401 476+01 '%09*01 666+32 819+02 380+02
UNPRESSURIZED 906+01 476+01 961+01 772+02 971+02 446+02
PRESSURIZED 941+01 476+01 953+01 797.02 969402 458+02

2 RELAXED (WEIGoHTLESS)
NUDE R26+01 476+01 734+01 118+03 114+03 407+02
UNPkESSURIZED 830+01 476+01 792+01 138+03 139+03 445-2
PRESSURIZED 867+01 476+01 771+01 140+03 134+03 445+02

CERVIC H 62.8 SHLDR H 60.4 SUPSTERN H 59.8 SUBSTERN H 52.6 WAIST H 47.5
ILIAC H 42.4 TROCHAN H 40.4 TIBIALE H 21.2 UPARM L 14.5 LOWARM t. 12.0
CHEST D 9.3 WAIST D 9,4 BUTT 0 11.2 CHEST 5 13.1 WA'ST B 11.7
HIP B 14.1 AXILARM C 13.2 BICEP C 12.7 ELBOW C 10.9 FOREARM C 10.9
WRIST C 6.7 FIST C 11.9 CHEST C 38.4 WAIST C 33.6 BUTT C 39.8
THIGH C 24.0 LOWTHIGH C 16.6 KNEE C 15.9 CALF C 14.6 AN"LE C 9.1
SPHYRI H 2,6 FOOT L 11.3 FOOT 8 3,8 SPAN 77.1 SI" H 35.4
BIACRON 0 15.7 HIP B SIT 14.2 BUTPOP L 22.2 AAND L 8.1 HAND 8 3.5
HEAD C 22.8 HEAD L 8.0 HEAD B 6.1 MALX S 0.6 JUXTA S 0.7
TRICEP S 0.7 BJSPIN B 9.5

(SUIt SIZES 1-SMALL REG. 1 SMALL LONG, 3-RED REG* 4--'ED LING,

5-LARGE RESt 6-LARGE LONG, 7-UETRA LARGE REG. $-EXTRA LARGE LONG)

(MEI•HT IN POUNDS, LENGTH IN INCHES* 1OPENT OF INERT;A IN L.-IN--(SEC)SQg



SUBJECT NUMBER 11 AGE z!; STAT?!,: WE.z AN NUdE WEjiG~ 15a.jSUIT SIZE 4 BOOT SIZE 11.0 CLOTHING TOTAL WEIGHT 23.6 STRAP WEIGHT IX.Y AXES) 0.61

POSITION LIX) L(Y) LIZ) iMX) Ity) !IZ)

1 SITTINGNUOE 826+01 498.01 868.01 584.02 717.02 289.02UNPRESSURIZED 870*01 498.01 936.01 695+02 885.02 356.02PRESSURIZED 904+01 498+01 923.01 725.02 885.02 359*02

2 RELAXED (WEIGHTLESS)
NUDE 733.01 498.01 664.01 104403 966+02 286.02UPIPRESSURIZEO 782+01 498*01 630+01 120.03 117.03 354,02PRESSURIZED 807.01 498.01 674101 121.03 110.03 348*02

CERVIC H 61.8 SHLOR H 59.8 SUPSTERN H 5q.3 SUBSIERN H 49.8 WAIST H 46.1ILIAC H 40.8 TROCHAN H 38.7 TIBIALE fi 19.8 UPARM L 13.1 LOWARN L 10.8CHEST 0 8.9 WAIST Z 7.5 BUTT 0 9.3 CHEST 8 11.9 WAIST 8 10.7HIP B 13.6 AXILARM C 11.7 BICEP C 11,5 ELBOW C 10.3 FOREARM C 10.8WRIST C 6.7 FIST C 11.0 CHEST C 34.8 WAIST C 29.6 BUTT C 37.9THIGH. C 22-5 LOWTHIGH C i5.6 KNEE C 1418 CALF C 14.3 ANKLE C 8.8SPHYRI H 2.8 FOOT L 10.4 FOOT 8 3.9 SPAN 72.4 SIT H 35.6BIACRON D 14.6 HIP B SIT 14.3 BUTPOP L ?0.4 HAND L 7.4 HAND B 3.4HEAD C 23.1 HEAD L 7.8 HEAD 8 6.4 MALX S 0.3 JUxTA S 0.3TRICEP S 0.3 BISPIN 5 10.0

(SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-NED REG, 4-MED LONG,5-LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-E*TRA LARGE LONG)
(WEIGHT IN POUNDS, LENG'l IN INCHES, POMENT OF INERTIA IN LO-IN-ISEC)SQ)

SUBJECT NUMBER 12 AGE 24.3 STATURE 67.8 MEAN NUDE WEIGHT 180.8SUIT SIZE 5 BOOT SIZE 11.0 CLOTHING TOTAL WEIGHT 23.8 STRAP WEIGHT (XtY AXES) 0.61

POSiTION L(X) LiY) LIZ) lIX) I(Y) M(Z)

I SITTING
NUDE 775#01 453.01 915.01 626.02 753.02 208+02UNPRESSURIZED 641.01 453.01 981+01 751+0Z 869*02 7.02PRESSURIZED 871+01 453+01 968+01 734+02 857.02 313+02

2 RELAXED (WEIGHTLESS)
NUDE 716.01 453.01 755,01 103,03 921.02 326.02UNPRESSURIZED 768.01 453.01 775.01 129403 118+03 381.02PRESSURIZED 803.01 453.01 772.01 123.03 119.03 381.02

CERVIC H 58.0 SHLDR 14 55.5 SUPSTERN H 55.3 SUBSTERN H 47.4 WAIST H 42.7ILIAC H 37.7 TROCHAN H 34.3 TIBIALE H 18.0 UPARM L 12.0 LOWARM L 10.1CHEST D 10.2 WAIST 0 8.5 BLTT 0 11-4 CHEST 8 14.0 WAIST B 11.6HIP B 13.8 AXILARM C 14.4 BICEP C 13.7 ELBOW C 10.8 FOREARM C 11.5WRIST C 7.2 FIST C 12.3 CHEST C 40.7 WAIST C 32.9 BUTT C 40.2THIGH C 24.7 LOWTHIGH C 16.6 KNEE C 14.9 CALF C 15.7 ANKLE C 8.8SPHYRI H 2.8 FOOT L 10.3 FOOT 8 3.9 SPAN 69.2 SIT H 35.2BIACROM D 16.4 HIP 8 SIT 15.2 BUTPOP L 18.8 HAND L 7.1 HAND B 3o5HEAD C Z2.6 HEAD L 8.1 HEAD B 6.2 MALX 5 0.6 JUXTA S 0.6TRICEP S 0.7 BISPIN B 9.1

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG,5-LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, S-EXTRA LARGE LONG)
(WEIGHT IN POUNDS, LENGTI4 IN INCHES, MOMENT Or INERTIA IN L0-IH-(Sr.)SQ)

141



SUBJECT NUMBER 13 AGE 24.5 STATURE 70.0 MEAN NUDE WEIGHT 170.1
suIT SH!E 4 510T SHZE !!. tI'TutLNt TO1TAL UE!Gt.T 23. S!RAfl "EurfII t IV AXES: -4

POSITION L(X) L(Y) L(l) I(X) IY) 1(Z)

I SITTING
NUDE 790+01 484+01 905+01 565+02 664+02 294+02
UNPRESSURIZED 846.01 484+01 974+01 725+02 900+02 341+02
PRESSURIZED 872+01 484+01 969+01 725+02 885+02 347+02

2 RELAXED (WEIGHrLESS)
NUDE 756.01 484+01 744+01 102+03 963+02 341.02
UNPRESSURIZED 774.01 484+01 764+01 125+03 120+03 364+02
PRESSURIZED 797+01 4 O4+01 734+01 127+03 115+03 358+02

CERVIC H 59.9 SHLDR H 57.1 SUPSTERN H 56.7 SUBSTERN H 47.4 WAIST H 44.9
ILIAC H 39.5 TROCHAN H 37.0 TIBIALE H 19.4 UPARM L 13.3 LOWARM L 10.6
CHEST 0 9.4 WAIST 0 7.9 BUTT D 9.4 CHEST 8 13.7 WAIST B 11.4
HIP B 13.5 AXILARM C 13.1 BICEP C 12.0 ELBOW C 10.9 FOREARM C 11.0
WRIST C 6.3 FIST C 11.9 CHEST C 38.7 WAIST C 32.0 BUTT C 38.0
THIGH C 21.7 LdWTHIGH C 15.4 KNEE C 15.2 CALF C 14.4 ANKLE C 8.5
SPHYRI H 2.8 FOOT L 10.9 FOOT 8 3.9 SPAN 73.2 SIT H 35.8
BIACRO4 0 16.1 HIP B SIT 13.7 BUTPOP L 19.4 HAND L 7.9 HAND B 3.3
HEAD C 23.3 HEAD L 8.3 HEAD B 5.9 MALX S 0.3 JUXTA S 0.4
TRICEP S 0.5 BISPIN B 9.7

(SUIT SIZES 1-SMALL REG# 2-SMALL LONG, 3-MED REG, 4-MED LONG,
5-LARGE REG, 6-LARGE LONG, 7-EXTRA PARGE REG, 8-EXTRA LARGE LONG)

(WEISHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SQ)

SUBJECT NUMBER 14 AGE 22.5 STATURE 68.4 MEAN NUDE WEIGHT 167.4
SUIT SIZE 3 BOOT SIZE 11.0 CLOTHING TOTAL WEIGHT 22.6 STRAP WEIGHT (XY AXES) 0.61

POSITION LIX) L(Y) L(Z) I(X) I(Y) I(Z)

I SITTING
NUDE 771+01 459+01 921+01 584+02 642+02 289+02
UNPRESSULIZEn 797.01 459+01 101+02 690+02 817+02 327.n2
PRESSURIZED 827+01 459+01 101+02 714+02 823+02 334+02

2 RELAXED (WEIGHTLESS)
NUDE 734+01 459+01 786+01 104+03 100+03 348+02
UNPRESSURIZED 754+01 459+01 831.01 122+03 113.03 362+02
PRESSURIZED 779+01 459+01 639+01 122+03 118+03 360+02

CERVIC H 58.2 SHLUR H 55.1 SUPSTERN H 55.0 SUBSTERN H 47.2 WAIST H 42.0
ILIAC H 36.7 T*OCHAN H 34.9 TIBIALE H 17.4 UPARM L 12.9 LOWARM L 10.2
CHEST D 9.r WAIST D 8.3 BUTT D 9.8 CHEST B 13.1 WAIST B 11.2
HIP B 13.4 AXILARM C 12.6 BICEP C 12.4 ELBOW C 10.6 FOREARM C 11.0
WRIST C 7.6 FIST C 11.8 CHEST C 38.3 WAIST C 32.1 BUTT C 38.2
THIGH C 23.2 LOWTHIGH C 16o3 KNEE C 15.6 CALF C 14.9 ANKLE C 9.4
SPHYRI H 2.7 FOOT L 10.7 FOOT B 3.8 SPAN 69.7 SIT H 36.7
BIACROM fl 15.4 HIP q SIT 14.1 BUTPOP L 14.1 HAND L 1.4 HAND B 3.5
HEAD C 23.4 HEAD L 8.0 HEAD B 6.5 MALX S 0.4 JUXTA S 0.3
TRICEP S 0.3 BISPIN B 9.2

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG*
5-LARGE REG, 6-LARGE LONG# 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS. LENGTH IN INCHES, MOMENT OF INERfIA IN LB-IN-(SEC)SQ)

42



SUBJECT NUMBER 15 AGE 30.5 STATURE 71.8 MEAN NUDE WEIGHT 206.7
SUIT SIZE 6 BOOT SIZE 13.0 CLOTHING TOTAL WEIGHT 23.5 STRAP WEIGHT (XY AXES) 0.61

0I T iON LI XI !Y? L1( Itxl flY) Il )

1 SITTING
NUDE 854+01 504+01 870+01 741+02 859+02 404+02
UNPRESSURIZED 895+01 504+01 936+01 892+02 107+03 464+02
PRESSURIZED 919+01 504+01 939+01 873+02 103+03 465+'2

2 RELAXED (WEIGHTLESS)
NUDE 769.01 504+01 664+01 131.03 119o03 416.02
UNPRESSURIZED 820+01 504+01 692+01 150+03 146*03 473+02
PRESSURIZED 851+01 504+01 683+01 153+03 149+03 469+02

CERVIC H 61.6 SHLOR H 58.9 SUPSTERN H 58.5 SUBSTERN H 49.8 WAIST H 46.7
ILIAC H 41.2 TROCHAN H 37.6 TIBIALE H 19.3 UPARM L 13.3 LOWARM L 10.7
CHEST 0 10.1 wAIST D 9.6 BUTT 0 10.6 CHEST B 14.9 WAIST 8 12.4
HIP B 14.6 AXILARM C 13.7 RICEP C 13.0 ELBOW C 11.9 FOREARM C 12.4

WRIST C 7.8 FIST C 12.8 C-iEST C 43.2 WAIST C 3h .0 BUTT C 41.7
THIGH C 26.8 LOWtHIGH C 18.9 KNEE C 16.8 CALF C 17.4 ANKLE C 10.4
SPHYRI H 2.8 FOOT L 11.1 FOOT B 4.1 SPAN 74.8 SIT H 36.9

BIACROM 0 16.9 HIP B SIT 15.7 BUTPOP L 20.3 HAND L 6.) HAND 8 3.7
HEAD C 23.3 HEAD L 8.0 HEAD B 6.1 MALX S 0.7 JUXTA S 1.0
TRICEP S 1.0 BISPIN B 10.1

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REGt 4-MED LONG,
5-LARGE REP,, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SQ)

SUBJECT NUMBER 16 AGE 20.6 STATURE 69.8 MEAN NUDE WEIGHT 160.7

SUIT SIZE 4 BOOT SIZE 11.0 CLOTHING T3TAL WEIGHT 23.3 STRAP WEIGHT IAV AXES) 0.61

POSITION LIX) LlY) LIZ) I(XI ItY) l(Z)

I SITTING
NUDE 822+01 449+01 893+01 571+02 675+C2 293+02

UNPRESSURIZED 857+01 449+01 966+01 687+02 902+02 34S+02

PRESSURIZED 879+01 449+01 941+01 688+02 867*02 346+02

2 RELAXED (WEIGHTLESS)
NUDE 781+01 449+01 698+01 977+02 946+02 322+02

UNPRESSURIZED 813401 449+01 765+01 125+03 121+03 368+02

PRESSURIZED 833+01 449+01 767+01 122+03 123+03 367+02

CERVIC H 60.0 SHLDR H 57.8 SUPSTERN H 57.0 SUBSTERN H 49.9 WAIST H 44.4

ILIAC H 40.1 TROCHAN H 37.5 TIBIALE H 19.3 UPARM L 13.6 LOWARM L 10.9

CHEST D 9.6 WAIST D 7.6 BUTT 0 9.7 CHEST B 13.2 WAIST B 11.7

HIP B 13.9 AXILARM C 12.7 BICEP C 11,5 ELBOW C 10.6 FOREARM C 10.6

WRIST C 7.1 FIST C 12.1 CHEST C 39.6 WAIST C 32.6 BUTT C 37.2

THIGH C 22.2 LOWTHIGH C 16.1 KNEE C 14.3 CALF C 13.9 ANKLE C 8.5

SPHYRI H 2.8 FOOT L 13.6 FOOT B 3.8 SPAN 72.7 SIT H 34.9

BIACROM D 15.6 HIP B SIT 14.1 BUTPOP L 20.7 HAND L 7.4 HAND B 3.6

HEAD C 23.1 HEAD L 8.3 HEAD B 6.0 4ALX ¶ 0.5 JUXTA S 0.5
TRICEP S 0.6 BISPIN B 9.0

(S.UIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG,
5-LARGE REG, 6-LARGE LONG, 7-EXIRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SQl

,3



SUBJECT NUMBER 17 AGE 24,3 STATURE 67.2 MEAN NUDE WEIGHT 149.2
SUIT SIZE 3 BOOT SIZE 11.5 CLOTHING TOTAL WEIGHT 23.2 STRAP WEIGHT (X,Y AXES) 0.61

POSITION L(X) L(Y) L(Z) i(X) I(Y) I(Z)

NUDE 777+01 443t.01 897+01 459+02 568+02 241#02
UNPRESSURIZED 817+01 443+01 935+01 538+02 724+02 287+02
PRESSURIZED 849+01 443+01 941+01 586*02 725.02 296+02

2 RELAXED (WEIGHTLESS)
NUDE 105+01 443+01 714+01 839+02 772.02 264+02
UNPRESSURIZED 781+01 443+01 786+01 106+03 102.03 323.02
PRESSURIZED 802+01 443+01 783+01 106+03 103.n3 324+02

CERVIC H 57.7 SHLDR H 55.6 SUPSTERN H 54.2 SUBSTERN H 45.6 WAIST H 43.2
ILMAC H 38.6 TROCHAN H 36.1 TIBIALE H 18.7 UPARM L 13.3 LOWARM L 10.6
CHEST D 9.5 WAIST D 8.7 BUTT D 10.0 CHEST B 12.8 WAIST 8 11.0
HIP 8 13.8 AXILARM C 11.9 BICEP C 11.1 ELBOW C 9.7 FOREARM C 10.8
WRIST C 6.2 FIST C 10.2 CHEST C 38.0 WAIST C 32.0 BUTT C 38.0
THIGH C 21.6 LOWTH1IGH C 14.7 KNEE C 14.3 CALF C 14.2 ANKLE C 8.1
SPHYRI H 2.8 FOOT L 10.6 FOOT 8 3.5 SPAN 71.1 SIT H 34.2
BIACROM 0 15.4 HIP B SIT 13.9 BUTPOP L 19.5 HAND L 7.1 HAND B 3.1
HEAD C 22.8 HEAD L 8.C HEAD B 6.3 MALX S 0.2 JUXTA S 0.1
TRICEP S 0.2 BISPIN B 8.9

(SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED LONG,
5-LARGE REG, 6-LARGE LONG, 7-EXTRA 'ARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SQ)

SUBJECT 4UMBER 18 AGE 29.8 STATURE 6B.0 MEAN NUDE WEIGHT 192.2
SUIT SIZE 5 BOOT SIZE 11.5 CLOTHING TOTAL WEIGHT 23.4 STRAP WEIGHT (X,Y AXES) 0.61

POSITION L(X) L(Y) 1.(Z) fIX) I(Y) 1(Z)

1 SITTING
NUDE 789+01 506+01 960+01 579+02 682+02 317+02
UNPRESSURIZED 837+01 506+01 101+02 675+02 860+02 370+02
PRESSURIZED 867+01 506+01 101+02 690+02 844+02 379+02

2 RELAXED (WEIGHTLESS)
NUDE 711+01 506+01 774+01 109+03 939+G2 349+02
UNPRESSURIZED 776+01 506+01 828+01 124+03 120+03 405+02
PRESSURIZED 803+01 506+01 812+01 123.03 116+03 404+02

CERVIC H 58.2 SHLOR H 57.0 SUPSTERN H 56.2 SUBSTERN H 48.3 WAIST H 44.4
ILIAC H 39.3 TROCHAN H 35.4 TIBIALE '1 18.6 UPARK L 13.4 LOWARM L 9.8
CHEST 0 10.6 WAIST D 9.7 BUTT 0 10.9 CHEST 8 14.6 WAIST B 12.8
HIP 8 14.8 AXILARM C Ik.2 BICEP C 13.7 ELBOW C 11.3 FOREARM C II.e
WRIST C 7.4 FIST C 11.7 CHEST C 42.9 oAISr C 36.3 BUTT C 42.11
THIGH C 24.q LOWTHIGH C i7.0 KNEE C 15.5 CALF C 15.4 ANKLE C 9.8
SPHYRI H 2.8 FOOT L 10.4 FOjT a 3.8 SPAN 69.6 SIT H 35.0
SIACROM 0 15.8 HIP B 'IT 16.2 BUTPOP L 19.5 4AND L 7.3 HAND B 3."
HEAD C 22.0 HEAD L 7.• HEAD B 6.2 MALX S 1.0 JUXTA S 0.9
TRICEP S 0.8 BISPIN B 10.1

(SUIT SIZES I-SMALL REG, 2-SMALL LONG, 3-MED REG, 4-MED L3NG,
5--LARGE REG, 6-LARGE LONG# 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG;

(WEIHT IN POUNDSt LENGTH !N INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)SuJ
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A PNI 1LT'V TrY

DESCRPTIONSv rOF AffROPP01"(E'rRIC DIMENSIONS

1. ANKLE CIRCUMFERENCE: Subject stands. Holding the tape slightly above
the projections of the ankle bones, measure the minimum circumference
of the right ankle (reference 4).

2. AXILLARY ARM CIRCUMFERENCE: Subject stands, right arm initially raised
and then lowered after the tape is in place. Holding the tape in a
horizontal plane and as high as possible in the armpit, measure the
circumference of the upper arm (reference 4).

3. BIACROMIAL DIAMETER: Subject sits erect, upper arms hanging at sides
and forearms extended horizontally. Using the anthropometer, measure
between points marked at the ends of the shoulders (acromJon tIo acromion)
(reference 4 and appendix V).

4. BICEPS CIRCUMFERENCE (Extended): Subject stands with right arm extended
at side. Holding the tape in a horizontal plane, measure the maximum
circumference of the biceps muscle.

5. BISPINOUS BREADTH: Subject stands erect. Using the anthroporaeter,
measure the distance between the anterior superior spines of the ilium
(most anterior bony projections of the hip bone) previously marked
(appendix V).

6. BUTTOCK-POPFLTTEAL LE 1TH: Subject sits with knees bent at rignt angles.
Measure the maximum horizontal distance from the poinit of intersection
of the right angle behind the right knee (popliteal area) to the buttocks.

7. BUTTOCK CIRCUMFERENCE: Subject stands erect. Holding the tape in a
horizontal plane, measare the circumference of the buttocks at the level
of the greatest rearward protrusion (reference 4).

8. BUTTOCK DEPTH: Subject stands erect. Holding the anthropometer horizon-
tally at the subject's right side, measmue the depth of the buttocks at
the level of the greatest rearward protrusion (reference 4).

9. CALF CIRCUMFERENCE: Subject stands. Holding the tape in a horizontal
plane, measure the maximum circumference of the right calf (reference 4).

10. CERVICALE HEIGHT: Subject stands erect. Using the anthropometer, measure
the vertical distance from the floor to the point marked on the bony pro-
jection (the 7th cervical vertebra) at the posterior base of the neck
(reference 4).

46



11. CHEST BREADTH: Subject stands erect with arms initially raised and then
lvwer•d aft-er th,, Ie -- cad, l Measure the chest breadth at
the level of the nipples, during normal breathing (reference 4).

12. CHEST CIRCUMFERENCE: Subject stands erect with .rms initially raised and
then lowered after the tape is in place. Holding the tape in a horizontal
plane at the level of the nipples, measure the maximum circumference of
the chest during normal breathing (reference 4).

13. CHEST DEPTH: Subject stands erect with arms initially raised and then
lowered after the instrument is in place. Holding the anthropometer
horizontally on the subject's right side, at the level of the nipples,
measure the chest depth during normal breathing (reference 4).

14. ELBOW CIRCUMFRNCE (Fxtended): Subject stands with right arm extended.
Measure the elbow circumference, holding the tape over the olecranon.

15. FIST CIRCUMFERENCE: Subject makes a tight fist with right hand, thumb
lying acros.- the end of the fist. Measure the fist circumference with
tape passing over the thumb and the knuckles (reference 4).

16. FOOT BREADTH: Subject stands with right foot in the foot box, weight
equally distributed, the foot just touching the side and rear walls, and
long axis of the foot parallel to the side wall. Using the scale on the
base of the foot box, measure the widest breadth of the foot (reference 4).

17. FOOT LENGTH: Subject stands with right foot in the foot box, weight
equally distributed, foot just touching the side and rear walls, and long
axis of the foot parallel to the side wall. Using the scale on the base
of the foot box, measure the length of the foot along the long axis
(reference 4).

18. FOREARM CIRCUMFERENCE (Extended): Subject stands, right arm extended.
Measure the max/Lan circumference of the forearm with tape.

19. HAND BREADTH AT METACARPALE: Subject extends right hand.. With the bar
of sliding caliper across the palm, measure the maximum breadth acro;s
the distal ends of the metacarpal bones (knuckles) (reference 4).

20. HAND LENGTH: Subject extends right hand. With the bar of the sliding
caliper lying across the palm, measure the hand length from the proxizal
edge of the navicular bone at the wrist to the tip of the middle finger
(reference 4).

21. HEAD BREADTH: Uaing spreading calipers, measure the maximum breadth of
the head in a plane perpendicular to the mid-sagittal plane (reference 4).
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22. HEAD CIRCUMFERENCE: With tapo passing above (not including) the brow
ridges, measure the maximum circwmaterence of the head (reference 4).

23. HEAD LENGTH: Using spreading calipers, measure the maximum length of
the head from glabella to the occipital region (reference 4).

24. HIP BREADTH: Subject stands erect. Holding the anthropometer horizon-
tally, measure the maximum breadth of the hips (reference 4).

25. HIP BREADTH, SITTING: Subject sits erect. Holding the anthropometer
horizontally, measure the maximum breadth of the hips (reference 4).

26. ILIAC SPINE HEIGHT: Subject stands erect. Using the anthropomet,?r,
measure the vertical distance from the floor to the mark r ^ the anterior
superior spine of the ilium on the right side (appendix V).

27. KNEE CIRCUMFERENCE, STANDING: Subject stands. Measure the right knee
circumference at the mid-patella level holding the tape in a horizontal
plane.

28. LOWER ARM LENGTH: Subject stands with right arm eatended at side.
Using an anthropometer, measure the distance along the long axis of the
lower arm between points marked. at radiale and stylion (appendix V).

29 LOWER THIGH CIRCUMFERENCE: Subject stands. Holding the tape in a
horizontal plane, measure the circumference of the lower thigh just
above the right knee (reference 4).

30. SHOULDER HEIGHT (Acromial Height): Subject stands erect. Using the
anthropometer, measure the vertical distance from the floor to the right
acromion, previously marked (reference 4).

31. SITTING HEIGHT: Subject sits erect, head oriented in the Frankfort
plane and feet resting on a surface so that knees are bent at about
right angles. Using the anthropometer, measure the vertical distance
from the sitting surface to the top of the head by placing the anthropo-
meter firmly against the scalp (reference 4).

32. SKINFOl J 7JXTA--NIPPLE: Subject stands erect. Using skinfold calipers,
measure the skinfold thickness just adjacent to the right nipple, along
the line between the anterior crease of the axilla and the nipple. Grasp
skinfold between thumb and index frnge:, enough to include two thicknesses
of skin and subcutaneous fat but not muscle or fascia. Apply the caliper4
1 cm from the fingers holding the skinfold, ard at a depth from the edge
of the skinfold equal to the thickness of the fold. Skinfold thickness
is taken in the vertical plane except when lines of Linn result in torsion
of the skinfold, and then the skinfold is taken along these lines
(reference 6).
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33. SKINFOLD, MID-AXILLARY LINE, XIPHOID: Subject stands erect. Using skin-
fold calipers, measure the skinfold thickness in the mid-axillary line
at the level of the xiphoid on the right side of the body. Grasp skin-
fold between thumb and index finger, enough to include two thicknesses
of skin and subcutaneous fat but not muscle or fascia. Apply the cali-
pers 1 cm from the fingers holding the skinfold, and at a depth from the
edge of the skinfold equal to the thickness of the fold. Skinfold thick-
ness is taken in the vertical plane except when lines of Linn result in
torsion of the skinfold, and then the skinfold is taken along these lines
(reference 6).

34. SKINFOLD, TRICEPS: Subject stands with right upper arm extended downward
and elbow in 90°-flexion. Mark the posterior midpoint between the tip of
the acromion and tip of elbow. Grasp skinfold between thumb and index
fingers, enough to include two thicknesses of skin and subcutaneous fat
but not muscle or fascia. Allowing the subject's right forearm to drop
straight along the side, apply the calipers 1 cm from the fingers holding
the skinfold, and at a depth from the edge of the skinfold equal to the
thickness of the fold. Skinfold thickness is taken in the vertical plane
except when lines of Linn result in torsion of the skinfold and then the
skinfold is taken along these lines (reference 6).

35. SPAN: Subject stands erect against a previously-calibrated rear wall with
arms extended laterally at their maximum. With one hand touching a sur-
face perpendicular to the rear wall, measure the maximum span by placing
a block against the finger tips of the other hand (reference 4).

36. SPHYRION HEIGHT: Subject stands with legs slightly apart. Using measur-
ing block, measure the vertical distance from floor to sphyrion previously
marked (appendix V).

37. STATURE: Subject stands erect with head oriented in the Frankfort plane.
Using the anthropometer, measure the vertical distance from the floor to
the top of 'he head by planing the anthropometer firmly against the scalp
(reference ,).

38. SUBSTERNALE HEIGHT: Subject stands erect. Using the anthropometer,
measure the vertical distance from the floor to the marked point at the
lower edge of the breastbone (substernale) (reference 4 and appendix V).

39. SUPRASTERNALE HEIGHT: Subject stands erect. Using the anthropometbr,
measure the vertical distance from the floor to the marked point at the
upper edge of the breastbone (suprasternale) (reference 4 and appendix Y,).

40. THIGH CIRCUMFERENCE: Subject stands with legs slightly apart. Holding
the tape ir. a horizontal plane just below the lowest point in the gluteal
furrow, measure the circumference of thre right thigh (reference 4).
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41. TIBIALE HEIGHT: Subject stands with legs slightly apart. Using the
anthropometer- measure the vertical diatance from floor to right. +.binl

previously located and marked (appendix V).

42. TROCHANTERIC HEIGHT: Subject stands erect. Using the anthropometer,
measure the vertical distance from the floor to trochanterion as pre-
viously marked on the right side (appendix V).

43. UPPER ARM LENGTH: Subject stands with right arm extended at side. Using
the anthropometer, measure the distance along the long axis of the upper
arm, between the points previously marked at acromion and at radiale
(appendix V).

44. WAIST BREADTH: Subject stand:- erect with abdomen relaxed. Using the
anthropometer, measure the; dmu horizontal distance between the points
mark"ng tn. greatest lateral indentation in the abdominal region (refer-
ence 4).

45. wAL'T CIRCUMFERENCE: Subject stands erect with abdomen relaxed. Using
the aaaý, measure the ,nnimum circumference around the abdominal region,
passL7,g over the waist points which mark the greatest lateral indenta-
tions (.-ference 4).

46. WAIST DEPTH: Subject stands erect with abdomen relaxed. Holding the
anthropometer horizontally on the subject's right side, measure the
anteroposterior diameter of the abdomen at the level of the waist points
which mark the greatest lateral indentation (reference 4).

47. WAIST HEIGHT: Subject stands erect. Using the anthropometer, measure
the vertical distance from the floor to the marked point indicating ths
most lateral indentation of the waist on the right side (reference 6).

48. WRIST CIRCUMFERENCE: Right arm and hand extended. Passing the tape just
proximal to the styloid process of the ulna, measure the minimum circum-
ference of the ierist (reference 4).
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APPENDIX V

SKELETAL ANTHROPONMERIC POINTS
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